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The purpose of this pilot study is to report a cost comparison of general anesthesia
(GA) versus oral conscious sedation (CS) for pediatric dental patients. The study
sample included 22 children whose parents or guardians selected GA care for their
child. Selection criteria limited inclusion to healthy children (American Society of
Anesthesiologists' classification I) aged 24-60 months. The subjects acted as their
own comparison group to an estimation CS model. Models were developed to as-
sess societal costs for treatment under GA and CS. Treatment rendered was equal-
ized using the dental relative based value unit scale.
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n overwhelming majority of pediatric dental pa-
tients can be treated in the conventional dental

environment without the use of pharmacologic agents,
except for the occasional use of nitrous oxide or oxygen
inhalation analgesia for the mildly anxious child. Phar-
macologic management may be essential to provide in-
vasive dental procedures for children who are develop-
mentally or medically compromised, and sometimes this
modality is the treatment of choice for preschool-aged
children who have not developed the language skills or
attention span to cope with conventional dental care.
For such children, the 2 most popular modalities of
pharmacologic management are general anesthesia
(GA) and conscious sedation (CS).'

General anesthesia is a controlled state of uncon-
sciousness that is accompanied by loss of protective re-
flexes, including the ability to maintain an airway inde-
pendently and to respond purposefully to physical stim-
ulation or verbal commands.2 Conscious sedation is a
minimally depressed level of consciousness that does
not affect a patient's abilities to maintain a patent airway
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independently and continuously or to respond appro-
priately to physical stimulation or verbal commands.3
Both GA and CS have higher levels of risks and costs

than does conventional care. Although GA is viewed as
the more expensive modality of treatment when direct
costs only are assessed, this is not clear when societal
costs are considered.4 Economists generally agree that
to calculate societal costs one must also consider op-
portunity cost. A broad definition of opportunity cost
might be as follows: an action that represents the value
of next most valuable action forgone or the value of the
next best alternative that a decision forces the decision
maker to forgo. For example, if a dentist decides to take
a vacation from practice, the opportunity cost for this
time off is the wage lost for the time out of the office.
Gold and colleagues5 state that "the best approximation
of the opportunity cost for adults is the wage they are,
or could be making at work." For the purposes of this
study, opportunity cost is defined as income forgone
due to dental treatment.6 The societal cost perspective
is indeed even larger than the parents' or family's per-
spective. For example, income forgone for parents'
wages is relatively easy to calculate, but there is also a
societal cost for children missing school due to pain or
dental appointments or for school nurses or teachers
who must take time with such children. Although such
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societal costs are incalculable for the purposes of this
study, the authors offer this as a part of the rationale
for the importance of taking the societal perspective
into account.

Little has been reported in the literature relative to
societal cost comparisons for children's dental care. A
recent study compared the use of inhalation sedation via
nitrous oxide or oxygen versus outpatient general an-
esthesia for extractions and minor oral surgery in pedi-
atric dental patients.4 The patients were scheduled for
1 sedation appointment and 1 GA appointment. In ex-
amining the parents' satisfaction and costs of both treat-
ments, the investigators concluded that for extraction-
only treatment, it was more cost-effective to use inha-
lation sedation than GA. The costs in the study were
based on direct cost only, excluding indirect and oppor-
tunity costs.
Many factors can influence a parent's decision to

choose GA or CS for their child. Consideration might
include risks and safety of the procedure, their child's
perceived comfort, the parent's assessment of the
child's cooperation, the impact of the procedure on the
child's developing psyche, the amount of care needed,
the probability that treatment can be completed with the
given modality, and the cost of care.78 Despite the wide-
spread use of both GA and CS, there have been few
cost analysis studies of either modality, and there are no
reports of cost analyses from the societal perspective for
pediatric dental patients.9
The specific aims of this study were as follows: (a) to

determine the societal costs for treating pediatric dental
patients using GA and CS, (b) to determine the rela-
tionship between cost and treatment need for GA and
CS, and (c) to determine the relationship between GA
versus CS cost models.

MATERIALS AND METHODS

The 3 principal types of cost-effectiveness studies in-
clude (a) the cost-consequence model, (b) the cost-effec-
tiveness model, and (c) the cost-minimization model.
The cost-consequence model analyzes only the outcome
of interest, under the assumption that there are no dif-
ferences in costs. As an example, this model might be
applied to a comparison of 2 dental materials where the
cost of the materials and their application are relatively
the same, but the outcome of interest is the material
survival over time. The cost-effectiveness model exam-
ines the true cost-to-outcome ratio for the treatment and
a comparator. Using a similar material science example,
this model would be used in a study in which the re-
storative materials may differ in cost and survival. The
cost-minimization model analyzes the cost differential

between 2 treatments. The underlying assumption in
this model is that the outcome of either treatment will
be equal or similar. Using the material science example,
the cost-minimization model would compare the costs
of the restorative materials under the assumption that
the materials performed the same over time.

This pilot study used a cost-minimization model for
outpatient GA versus oral CS. This investigation relied
on each individual patient as the unit of analysis and
each patient contributed cost data. The analyses used
evaluated the societal costs, defined as the sum total of
direct, indirect, and opportunity costs. Cost analyses
usually use mathematical, estimation, or simulation
modeling.9 In this study, the GA model relied on pri-
mary data and the CS model was an estimation model.

Sample

The sample included 22 children who required phar-
macologic management for dental treatment because of
short-term situational anxiety in the conventional dental
environment. All were scheduled for treatment using
GA because their parent or guardian opted for this mo-
dality of care. The patients' ages ranged from 24-60
months at the time of the GA appointment. All were
healthy children with no contraindications for routine
dental care. All met requirements for American Society
of Anesthesiologists class I anesthesia risk.
To maintain consistency and reliability, all patients

were treated by the same dental operator in the GA
setting. The patient sample served as its own compari-
son group to an estimation model for CS treatment.

Panel of Experts

Expert judgment and consensus panels involve synthesis
approaches used to estimate probabilities, costs, pref-
erence weights, and other variables in cost-effectiveness
studies.5 For this study, a panel of 4 experts was used
to determine values in the CS estimation model that
could not be obtained from actual data. The panel con-
sisted of 2 experts each in the areas of CS and GA. The
experts were selected based on their extensive research
and clinical experience. All were board-certified pediat-
ric dentists who each have 20-25 years of clinical prac-
tice experience in the specialty.

Relative Based Value Units

The treatment rendered was assessed using the dental
relative based value units (RBVUs).10 The RBVUs are
based on the time and difficulty of procedures. The
RBVU system has been used in medicine for many years
as a way to value medical procedures across disciplines
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Table 1. Examples of RBVUs for
dures*

Selected Dental Proce-

ADA
Dental Procedures Code RBVU

Posteroanterior x-ray examination
(1 film) 0220 0.5

Bitewing x-ray examination
(2 films) 0272 0.6

Prophylaxis 1201 0.75
1 surface amalgam, primary 2110 1.0
1 surface resin, primary 2330 2.0
Stainless steel crown 2930 4.0
Pulpotomy, primary 3220 3.0
Extractions, primary 7110 2.0

* RBVUs indicates relative based value units; ADA, Ameri-
can Dental Association.

and specialties. The dental RBVU system was developed
in 1985 to equate dental procedures. Normal distribu-
tion and SDs and means were used to develop the scale.
The data were analyzed for validity, statistically normal-
ized, and weighted.
The RBVUs (Table 1) are considered to be valid and

reliable measures of dental procedures. They are used
widely by health insurance organizations such as Aetna,
Blue Cross/Blue Shield, Prudential, and Delta Dental,
as well as Medicaid agencies in Vermont, Kentucky, and
South Dakota, to determine the value of procedures.10
To equalize treatment for the GA and CS models,

RBVUs were calculated from the treatment rendered for
the 22 children during their GA appointment. The same

RBVU data for the GA appointment were used in the
CS estimation model, so dental procedures were equal
in both models. To determine the number of CS ap-

pointments to equate the same RBVUs rendered under
GA, this study relied on the clinical judgment of the
same operator who completed the 22 GA cases. This
approach allowed us to control for operator speed and
judgment in determining the number of CS appoint-
ments that a given child might need.

Cost Models
Models used in this study were taken from the societal
perspective. This approach relies on the perspective of
the decision maker, which in this study was the parent
or guardian.9 The cost models included costs incurred
by the family for treatment and opportunity costs. Gus-
ten and colleagues6 define opportunity costs as income
forgone for the decision of treatment. The accounting
data included both indirect and direct costs.

Data for cost models were collected from hospital and
dental school accounting records for the patients. There
are many ways to calculate opportunity costs; for the
purposes of this study, an aggregate measure was used.

Income data by county were obtained for 1997 fiscal
year from the Economic Policy Unit of the North Car-
olina Department of Commerce. The average wage
earnings for each adult's county of residence were used
to calculate lost income. In summary, opportunity costs
in the model were calculated by multiplying the aggre-
gate family wage earnings by the total hours lost be-
cause of the child's dental treatment.

Assumptions Underlying Model Development

This study relied on the cost-minimization model for us-
ing GA versus CS. In cost analysis studies, many as-
sumptions must be made to develop a model.9 For the
GA model, this investigation relied on the panel of ex-
perts to estimate the parental time commitment for a
preoperative GA visit (4 hours) and for the GA appoint-
ment itself (8 hours). For the number of adults accom-
panying the child for appointment procedures, the ac-
tual numbers were used, either 1 adult or 2 adults, de-
pending on who accompanied the child.

For the CS model, the panel of experts estimated that
the preappointment physical examination would require
4 hours and that only 1 parent would accompany the
child for this appointment. For the CS new patient ex-
amination, they reached a consensus that this appoint-
ment would require a 2-hour appointment and that 1
parent would accompany the child. Finally, they esti-
mated that 2 adults would accompany their child for
their CS appointment and a 4-hour time commitment
would be required for each sedation visit.

Cost of GA

The cost of GA is determined by the following formula:
(Ctotal = Cscreen + Cpreop + Ctx + Clst½hr + Cadd½hr X1 +

Canesth + Crec + Cpt/family). For the GA model, the cost
($22) of screening (Cscreen) was obtained from dental
school records. The cost ($88) for the preoperative
medical appointment (Cpreop) was obtained from the hos-
pital accounting records for the preoperative GA eval-
uation. The actual dental fees for the procedures ren-
dered under GA were used for the cost of treatment
(C,). This cost was equalized to the CS model using
RBVUs. The hospital cost for the GA appointment
(Clst%hr and Cadd½hr) was obtained from the hospital ac-
counting records generated for each patient. Because
hospital fees vary from the first half hour ($950) to each
additional half hour ($530), 2 separate variables were
used. The variable representing the cost of each addi-
tional half hour (Cadd½hr) was multiplied by the time be-
yond the first half hour (X1). The cost of the anesthesia
(Canesth) was $145 for the first 30 minutes and $73 for
each additional 30 minutes. The recovery room (Crec)
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costs were $110 per hour. The operating room time
was obtained from hospital records.
The opportunity cost for each patient was calculated

by average income for the county of residence multi-
plied by the time lost for treatment per adult. Oppor-
tunity costs were calculated for both the preoperative
and GA appointments. All hospital accounting infor-
mation was obtained from the Office of Cost Account-
ing at the University of North Carolina Hospitals.

Cost of CS

The cost of CS is determined by the following formula:
(Ctotal = Cscreen + Cnpe + Cppe + C + Cappt X2 + Cappt

X3 +Cpt/family). The cost ($22) of the screening appoint-
ment (Cs,reen) and the cost ($22) of the CS new patient
examination (Cnpe) were obtained from dental school
fees. The estimated cost ($88) of the physician's phys-
ical evaluation (Cpp) for CS examination was obtained
from the University of North Carolina ambulatory care

unit.
As noted already, the panel of experts estimated the

time it took for a CS new patient examination, the phy-
sician's preoperative physical examination, and the
number of adults accompanying a typical child to pre-

operative appointment and sedation appointments. This
information was necessary to quantify the opportunity
cost for each family (Cpt/family). To estimate the oppor-

tunity cost for each sedation appointment, the average

income for the county of residence was multiplied by
total time lost due to all phases of treatment for each
adult accompanying the child. The CS appointment
length was estimated at 60-90 minutes by the consen-

sus panel.
The cost of each sedation appointment (Cappt) was de-

fined as the fee charged by the dentist to perform the
CS procedures. This fee ($250) reflects a charge for
sedation medications, monitoring equipment, and ad-
ditional personnel dedicated to monitor and assist in the
CS area. The Cappt was multiplied by the number of ap-

pointments (X2) estimated for the same treatment to be
completed under CS as was completed under GA.
As noted previously, the estimated number of CS ap-

pointments needed for each child was made by the
same dental operator who completed the actual proce-

dures in the operating room for the GA model. This
approach allowed the control for the variable clinic
speed. Furthermore, the dental operator who made this
judgment had extensive experience in the sedation are-

na. She made these judgments on estimated CS ap-

pointments needed on the basis of the patient's treat-
ment plan, quadrants of care needed, and the patient's
body weight. Body weight was used because this vari-

able must be considered for the amount of local anes-
thetic used in a given visit.

After the number of CS appointments was deter-
mined, the probability that the patient would need to
return for another appointment because CS was abort-
ed due to patient behavior was then estimated. This
abortion rate (X3) in the Pediatric Sedation Clinic of the
Department of Pediatric Dentistry at University of North
Carolina at Chapel Hill is 5.6%.1 The cost of actual
dental treatment (Ct) was equalized to GA treatment us-
ing RBVUs.

Data Analyses

The study's first aim was to establish costs representa-
tive of the societal costs for treatment under GA and
CS. This was accomplished using a combination of op-
portunity cost and accounting data that represent direct
and indirect costs.
The study's second aim was to establish the relation-

ship between dental treatment rendered and total costs.
Ordinary least squares regression analyses12 were used
to examine the association between societal costs of
treatment and RBVUs. The outcome measure was the
societal costs of treatment, and the major explanatory
variable was treatment need as measured by RBVUs.
Two regression models were used: Cost for GA = Po +
13 (RBVUs) and Cost for CS = o% + o~ (RBVUs). The
first equation illustrates the relationship between total
costs and RBVUs for GA, whereas the second illustrates
the same association for CS.
The study's third aim was to determine the relation-

ship between the GA and CS models. The 2 regression
equations were plotted against each other, and the re-
lationship of the predicted regression equations illus-
trates the association between the GA and CS models.
STATA Statistical Software was used for all the data
analyses. 13

RESULTS

The sample included 12 boys (55%) and 10 girls (45%).
The mean age of the sample was 40 months (SD, 5.1)
with an age distribution as follows: 24-35 months,
32%; 36-47 months, 32%; and 48-60 months, 33%.

Table 2 illustrates the GA results. The mean time
spent in the operating room was 2 hours 32 minutes.
Most cases (64%) were completed in 3 hours or less.
The mean GA charge, excluding the cost for dental pro-
cedures and opportunity cost, was $2326. The mean
societal cost was $2698, a figure that includes oppor-
tunity costs but excludes costs for dental procedures.
The mean RBVU (treatment rendered) for GA care
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Table 2. General Anesthesia Results*

No. (%)
(N = 22)

Operating room time, h (mean, 2 hours 32 minutes)
1-2 7 (32)
2-3 7 (32)
3-4 5 (23)
-4 3 (13)

Total GA charges, $ (mean, $2326)t
1000-1500
1500-2000
2000-2500
2500-3000

2 (9)
10 (45)
3 (14)
7 (32)

Total societal costs, $ (mean, $2698)1
1000-2000 6 (27)
2000-3000 9 (41)
3000-4000 7 (32)

RBVU, treatment rendered (mean, 53.75 ± 10.5)
0-35 3 (14)
36-70 13 (59)
71-100 6 (27)
* GA indicates general anesthesia; RBVUs, relative based

value units.
t Excluding costs for dental procedures and opportunity

costs.
t Excluding costs for dental procedures but including oppor-

tunity costs.

was 53.75 (SD, 10.5). Table 3 illustrates the results
when the same RBVU values were then applied to the
CS estimation model. In the estimation model, 23% of
the sample required 2 sedation appointments to com-
plete treatment, 41% required 3 sedation appointments,
and 36% required 4 or more appointments to complete
their care. The mean CS charge, excluding costs for
dental procedures and opportunity costs, was $1363,
with the majority (54%) of the cases costing less than
$2000. The mean societal cost was $2203, a figure
that includes opportunity costs but no costs for dental
procedures.
Two separate ordinary least squares regression mod-

els were executed. In both the GA and CS models, the
association between RBVUs and total societal costs was
found to be highly significant (P < .01) with an adjusted
R2 of 0.77 and 0.63, respectively. The magnitude of
effect was also significant, with the coefficients being
24.29 (SD, 4.21) for the GA model and 35.17 (SD,
4.33) for the CS model.
The Figure illustrates the relationship between the

predicted regressions lines for the GA and CS models.
The intersection of the predicted regression equations
illustrates the level of treatment need at which there
would be diminishing returns for using CS or the point
at which cost savings would favor GA. At a RBVU of

Table 3. Conscious Sedation Results*

No. (%) (N = 22)
No. of appointments

2
3

>4
Total CS charges, $ (mean, $1363)t

500-1000
1000-1500
1500-2000
2000-2500

Total societal costs, $ (mean, $2203)t
1000-2000
2000-3000
3000-4000

5 (23)
9 (41)
8 (36)

5 (23)
9 (41)
6 (27)
2 (9)

12 (54)
5 (23)
5 (23)

* CS indicates conscious sedation.
t Excluding costs for dental procedures and opportunity

costs.
t Excluding costs for dental procedures, but including op-

portunity costs

66.5 and a cost of $2677, the total cost for treatment
using CS surpasses that for GA.

DISCUSSION

There are several alternative designs that might be used
to derive a cost comparison of GA versus CS. This in-
vestigation chose the cost-minimization model using a
GA sample that served as its own comparator for a CS
estimation model. The advantage of this design was abil-
ity to control for social and demographic patient effects
in both models. This design also reduced the selection

Relationship between general anesthesia (GA) and conscious
sedation (CS) predicted regression lines.
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that would be introduced by a parental choice of GA or
CS on the basis of family convenience factors. Although
such factors are important, this design eliminates bias
related to parental choices.
The first aim of this study was to determine the so-

cietal costs of treating pediatric dental patients using GA
and CS. The opportunity cost values that were used
ranged from $73-$136 per day, depending on the
county of residency. The state average was $105 per
day or $22,583 per year for the average working adult.
The mean total societal costs for treating children using
GA versus CS was $2698 and $2203, respectively.
The second aim was to determine the relationship be-

tween societal costs and treatment rendered for both
GA and CS models. The goal with this aim was to de-
velop a model that would explain cost of GA and CS.
Using regression analyses for the GA model, this study
found that the RBVUs explained more than 70% of the
variance in cost. For the CS model, the study found that
the RBVUs explained more than 60% of the variance
in cost. This can be interpreted to mean that treatment
rendered, measured in RBVUs, had a significant effect
on the costs of both GA and CS.
The third aim was to determine the relationship be-

tween GA and CS cost models. When the GA versus
CS regression lines were plotted, the intersection rep-
resents the point at which the cost of GA and CS would
be equal. The study found that at a RBVU of 66.5 and
cost of $2677, CS cost surpasses GA cost. This critical
intersection equates to 3.6 CS appointments.

Outcomes for GA Versus CS

One of the major underlying assumptions in this study
was that the treatment outcomes for GA versus CS
would be the same. The authors recognize that this is a
difficult assumption to make. For example, for CS some
practitioners may be faced with making treatment de-
cisions with no or poor-quality radiographs. However,
the premise in undertaking a cost-minimization study
was based on the assumption of all other things being
equal, including outcomes of the treatment.

Decisions Based on Risks

In this clinical environment, when parents consider GA
versus CS treatment for their children, they have already
made an informed decision that no treatment is not an
option with which they are comfortable. Typically, these
children have more extensive restorative and surgical
needs and many have already received emergency care
for pain and swelling. For those parents who consider
GA versus CS care, it seems logical that their decision
should begin with a comparison of risks for the 2 mo-

dalities. However, such risk data are elusive. With ref-
erence to pediatric mortality using GA, 1: 20,000 is cit-
ed in the literature by several authors.14 In the United
States there are no published risk data of GA specific
to the dental cases. In England and Wales, the dental
GA mortality rate remained constant at 1: 215,000 be-
tween 1970 and 1990. These data included all dental
GA cases, both pediatric and adult.4
There are no published incidence data for the mor-

bidity and mortality of pediatric CS. Goodman and
Moore's classic review in 1983 focused on 14 cases of
sedation misadventures, but no incidence data were cit-
ed. A tragedy of pediatric CS does surface occasionally
in the media. However, since the publication of the
Guidelines for Monitoring and Management of Pediatric
Patients During and After Sedation for Diagnostic and
Therapeutic Procedures in 1985, subsequently revised
in 1992 by the American Academy of Pediatrics and in
1996 by the American Academy of Pediatric Dentistry,
the authors are aware of no pediatric patient fatalities
that have occurred when the original 1985 guidelines
have been fully used as the standard of care (American
Academy of Pediatric Dentistry, written communication,
1999).
A parental decision to choose GA versus CS is diffi-

cult to make on the basis of risks, so parents often must
consider other factors, one of which is cost. In selecting
cost models, this investigation chose a model that values
parents' time away from work for appointment activi-
ties.

CONCLUSIONS

Under the conditions of the study, the quantity of the
treatment rendered based on RBVUs was highly corre-
lated with the total cost of care from the societal per-
spective, and if a child needed more than 3 CS appoint-
ments, the GA option offered cost savings over the CS
treatment option.
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